Neocortical circuits can undergo dynamic rearrangements, not only in response to injury, but also when new skills are acquired. But although training can lead to functional rewiring of the cortex, we are far from being able to reprogram an animal by manipulating its cortical circuitry directly. 
basalis [5, 11, 12] . These techniques can both lead to changes in cortical topography, in some respects resembling those seen after training in specific sensory tasks. Most notably, intracortical microstimulation and stimulation of the nucleus basalis can both increase the size of the cortical region that appears to be responsive to a particular set of stimuli. Consequently, some authors have proposed that intracortical microstimulation or nucleus basalis stimulation may serve as a useful experimental model of 'representational plasticity' in sensory cortex.
A recent study by Talwar and Gerstein [8] , however, shows that the parallels between training-related and artificially induced cortical plasticity extend only so far. The reasoning behind their experiments was as follows. We know that extensive training in a frequency discrimination task leads to better discrimination ability and an expansion of the cortical area responsive to the frequencies used during training. If the expansion of the cortical area is indeed responsible University Laboratory of Physiology, Parks Road, Oxford OX1 3PT, UK. Talwar and Gerstein [8] suggest that intracortical microstimulation may fail to produce performance improvements because, unlike training stimuli, it is delivered without any 'behavioural context'. They predict that cortical plasticity induced by nucleus basalis stimulation "may also, ultimately, be behaviourally irrelevant". This explanation may well be correct, but the notion of 'behavioural context' is rather vague, making it difficult to develop testable hypotheses about how this context is manifest in the neural circuitry and how it might determine cortical information processing efficiency. It might therefore be fruitful to compare the effects of intracortical microstimulation, nucleus basalis stimulation and classical conditioning in greater detail, and to consider them in the context of the 'computational constraints' imposed by a particular task. While these techniques have in common that they can lead to a reorganisation of cortical topography, there also appear to be important differences in their effects on other neural response characteristics. Considering these differences further may provide important clues as to why some techniques are more likely to result in performance changes than others.
To understand this point, it may be instructive to consider two different studies in which improved performance was induced by classical conditioning, but where the tasks to be learned were somewhat different. In a study by Weinberger and Bakin [5] , guinea pigs were trained to associate the presentation of a particular pure tone frequency with a mild but unpleasant electric shock delivered to the paw. After a period of training, the animals learned to avoid the shock by withdrawing their paw whenever the conditioned sound frequency was presented. Subsequent electrophysiological examination indicated that neurons originally tuned to frequencies on either side of the conditioned frequency had shifted their tuning curves toward the conditioned frequency. But the sharpness of tuning appeared to be largely unaltered [5] ; the neurons also showed stronger responses on average -they fired more action potentials -when presented with the conditioned stimulus. These changes are broadly what one might expect: the shift of frequency tuning means that more cells in cortex are available to signal the presence of the conditioned stimulus, and the increased discharge rate ensures that this signal is sent loud and clear.
Compare these results with the effects of frequency discrimination training reported by Recanzone et al. [2] . In these studies, owl monkeys were trained to discriminate a target frequency from slightly different frequencies. For correct target detection, the animal received a food reward, but for an incorrect response (a 'false alarm') the animal was 'punished' with a timeout -testing was suspended for a short while and the animal had to wait before it would be given the opportunity to try for another reward. Recanzone et al. [2] also observed a shift in neural tuning curves, but unlike Weinberger and Bakin [5] they found a sharpening of frequency tuning. Again, this reported sharpening may serve a purpose: it may make responses to the conditioned target frequency more distinguishable from responses to adjacent frequencies. This may help reduce the false alarm rate (compare Figure 2) , allowing the animal to maximize the food rewards it can obtain. In the detection tasks used by Weinberger and Bakin [5] , the animal had no incentive to avoid false alarms, which may explain why a sharpening of neural tuning was not reported.
Talwar and Gerstein's experiments [8] involved testing the animals in a frequency discrimination task not unlike the one used by Recanzone et al. [2] . But their data suggest that intracortical microstimulation may have led to a broadening of frequency tuning in neurons near the microstimulation site, so in this important respect the effect of intracortical microstimulation may well be the opposite of that produced by training in a frequency discrimination task. It would be interesting to know whether intracortical microstimulation It may not be sufficient to consider only changes in neural response properties manifested as spike count or firing rate. Putative temporal codes must also be considered. For example, Recanzone et al. [2] noted that frequency discrimination training led to increased response latencies in primary auditory cortex. Given the increasing evidence that response latency may be an important coding parameter in sensory systems [16, 17] these observations on response latencies may be important. In contrast, Kilgard and colleagues [13] reported that the effect of nucleus basalis stimulation on auditory response latencies is, like frequency tuning width, dependent on the type of auditory stimuli paired with nucleus basalis stimulation. The effect of intracortical microstimulation on response latencies is less clear. Dinse et al. [7] reported increased synchronisation of activity and increased response latencies after intracortical microstimulation in somatosensory cortex. Talwar and Gerstein [8] did not report any effects of intracortical microstimulation on response latency, but did point out they observed systematic relationships between response latency and properties of the stimulus only in the anesthetised, not in the awake animal. That observation would appear to argue against a role of latency as a coding parameter.
Few would argue nowadays that there is not a relationship between improvement in a given perceptual learning task and cortical reorganisation, but it is increasingly clear that a deeper understanding of that relationship can be achieved only through deeper understanding of the neural coding and processing strategies employed by the sensory cortical networks under study.
